Gastrointestinal nematodes, such as Ostertagia ostertagi and several species of Cooperia, are ubiquitous in temperate climates and have been shown to have detrimental effects on production in adult dairy cattle. A published meta-analysis demonstrated that overall, producers lose approximately 0.35 kg of milk per parasitized cow per day. Enzyme-linked immunosorbent assays (ELISAs) have the ability to quantify nematode infections in cattle, and thus, could be used to estimate the amount of milk production loss due to differing levels of parasitism at the individual cow level.
ELISA results from individual cow milk samples were used to predict milk production response following a randomized anthelmintic treatment in a large field trial. To increase statistical power, the data collected from this field trial was pooled with data from two other published field trials to form an individual patient data meta-analysis (IPDMA).
The ability to predict the effect of anthelmintic treatment on milk production depends on the level of parasitism quantified by an ELISA measuring milk antibodies against Ostertagia ostertagi, and reported as optical density ratios (ODRs). Therefore, the estimates from the interaction between ODR and treatment on milk production were used to determine how well the ODR predicted the response of the treatment. It was anticipated that the relationship between milk production and ODR was unlikely to be linear, so fractional polynomials were applied to the continuous ODR values.
The interaction in the field trial showed a trend (p=0.138) towards a beneficial treatment effect when the individual ODR values, measured in late lactation and using Svanovir®, were greater than 0.12. When individual data from two other similar studies were included in an IPDMA, the interaction terms became statistically significant (p=0.009) indicating that there is a beneficial treatment effect when ODR values are slightly elevated. A graph was used to demonstrate the treatment effect (the estimated difference of kg/cow/day of milk yield between the treated and placebo cows), with 95% confidence intervals, as the ODR values increase. It is important to note that the methods of quantifying the ODR values differed between the three studies in the IPDMA, therefore some caution should be used when using these final estimated values. However, the shape and magnitude of the treatment
Introduction
Gastrointestinal nematodes, such as Ostertagia ostertagi and several species of Cooperia, are ubiquitous in temperate climates (Gibbs, 1988; Williams et al., 1993; Louw, 1999) . They have been primarily considered as a production limiting disease in first-season grazing animals, though in the past decade, more evidence has demonstrated their detrimental effects on production in adult dairy cattle. In a recent meta-analysis, Sanchez et al. (2004) demonstrated that overall, producers lose approximately 0.35 kg of milk per parasitized cow per day. The meta-analysis included 75 studies worldwide with many different drugs, and levels of pasture exposure. The fifteen studies evaluating the use of ivermectin, moxidectin or eprinomectin averaged 301 cows and a beneficial improvement of 0.8 kg/cow/day. Of those studies, seven had significant differences with an overall estimated difference of 0.97 kg/cow/day. Diagnostic techniques to identify and/or quantify intestinal parasites have improved over the years. Fecal egg counts have traditionally been utilized to identify and quantify infections, however, this test is plagued with false negatives, high variability between consecutive tests (low repeatability), and overall underestimation of the level of infection (Gross et al., 1999; Agneessens et al., 2000; Borgsteede et al., 2000; Eysker and Ploeger, 2000) . Serum pepsinogen tests have had some success with quantifying levels of parasitism in first-season grazers, but were less reliable when used to quantify infections in adult cattle (Gross et al., 1999; Agneessens et al., 2000; Borgsteede et al., 2000) . Unfortunately, the accuracy of the pepsinogen test depends on the current life cycle stages of the nematodes in the host (Berghen et al., 1993) .
The first enzyme-linked immunosorbent assay (ELISA) test to quantify nematode infections in cattle was developed in 1981 (Keus et al.) , and since then, many in-house ELISAs have been developed for studies to quantify the infections and their related production losses (Kloosterman et al., 1984; Canals and Gasbarre, 1990; Dohoo et al., 1997; Eysker and Ploeger, 2000; Sanchez et al., 2001; Sithole et al., 2005b) . More recently, Svanova (Svanova Veterinary Diagnostics, Uppsala, Sweden) developed a commercial ELISA (Svanovir ® ) available in Europe (Charlier et al., 2005a; Guiot et al., 2007; Forbes et al., 2008; Almería et al., 2009) . ELISA results are usually normalized, using control samples, and reported as optical density ratios (ODRs) (Sanchez et al., 2002a; Charlier et al., 2005b; , to reduce between plate variation.
The ELISA has demonstrated some predictive abilities as a tool to estimate the amount of milk production loss due to an unknown level of parasitism at the individual and herd level (see Table 1 for a summary of the studies' estimates, as described in the literature). The best scenario to predict milk loss in cattle due to gastrointestinal parasitism is to test every individual cow in the herd and derive individual milk loss values, as compared to the simpler method of testing one bulk tank milk sample for an entire herd. Only one study (Sanchez et al., 2005) was able to statistically demonstrate this predictive ability of the ELISA from individually treated cows and individual cow samples, however, they had targeted confined and semi-confined dairy herds. The objective of this study (field trial) was to use ELISA results from individual cow milk samples to predict milk production response following randomized anthelmintic treatment of individual cows with at least some access to pasture.
Specifically, the data collected from this field trial, as well as the data from two other field trials (Sanchez et al., 2002b; Sanchez et al., 2005) , were used to calculate the final estimates; all three studies were combined into an individual patient data meta-analysis (IPDMA) to increase statistical power.
Materials and Methods

Herd and Animal Selection for the Field Trial
Producers in the National Cohort of Dairy Farms (NCDF) study carried out by the Canadian Bovine Mastitis Research Network (CBMRN) (Reyher et al., 2011) , a network of farms, laboratories, and researchers investigating mastitis in Canadian herds, were contacted. Herds participating in the NCDF represented typical Canadian commercial dairy farms, based on provincial milk production levels, specified distributions of bulk tank somatic cell count (SCC), and housing types (Reyher et al., 2011) . Farms were included in this study if either milking cows, dry cows or heifers had access to pasture or a grassed paddock during the year, to ensure some levels of exposure to infective nematode larvae. Within the NCDF, forty farms allowed their cattle access to pasture or paddock. The target sample size was to include approximately 45 herds with an estimated 3,000 cows; the sample size was determined from simulations based on two previous studies (Sanchez et al., 2002b; Sanchez et al., 2005) , and accounted for clustering effects from the herds. Specifically, the partial correlations for the ODR and treatment terms in the final model from the two studies were 0.07 for Sanchez et al. (2002b) , and 0.06 for Sanchez et al. (2005) . A simulation using a hypothetical dataset with two variables correlated at r=0.07 was generated. Random samples of 1,000 cows were obtained and the 5 th and 95 th percentile of the regression coefficient were obtained -this process was repeated ten times, and the results were averaged. The entire process was repeated for random samples of 2,000, 3,000, and 4,000 cows. The simulation determined that 2,000 cows would provide adequate estimates to find a significant treatment effect, however, 3,000 cows would increase the precision of the estimate and account for likely subject drop-outs.
Sampling and Milk Collection for the Field Trial
The procurement of on-farm milk samples, for the ELISA to measure O. ostertagi antibodies, came from both CBMRN and routine Dairy Herd Improvement (DHI) milk collections, between March 1, 2007 and April 30, 2008 . DHI programs provide producers monthly records of milk production, milk quality, and reproduction parameters. Milk samples were either frozen (-20°C) or refrigerated (2 to 4°C). A previous study found that milk handling procedures, necessary for transportation, storage, and DHI testing, did not have any impact on ELISA results . Samples were identified and barcoded by either the CBMRN or the DHI companies -Valacta (formerly ADLIC in the Maritimes) and
CanWest. When necessary, the milk samples were matched with their corresponding cow and collection date from the Canadian DHI database, Vision2000.
The individual milk production records were accessed directly from the Canadian DHI database and were used to measure the outcome of interest, namely the amount of milk produced (in kg/cow/day) on the testing day. The milk production records also contained the testing date, days in milk, calving date, lactation number, and somatic cell counts (SCCs) for each cow.
Measuring Parasitism (ELISA) in the Field Trial
Milk collected from cows during their late lactation period (>200 days in milk) were processed to quantify O. ostertagi antibodies using a commercial ELISA kit, Svanovir ® , and
were tested according to the manufacturer's specifications. Samples were tested once as recommended by Sanchez et al. (2002a) , however, positive, negative and blank controls were run in triplicates for each plate -both positive and negative controls were supplied. The spectrophotometer (SpectraMax) and software (SoftMax) were programmed following the manufacturer's recommendations. Optical densities (ODs) were exported into electronic text files, matched with their corresponding barcodes, and finally merged with their respective cow data. All ODs within ELISA plates were normalized, producing optical density ratios (ODRs), using the mean from the triplicate positive and negative controls from their respective plate. This commonly used normalization method reduces plate-to-plate variation,
and relates values from samples to their standardized controls (Sanchez et al., 2002a; Charlier et al., 2005b; Vanderstichel et al., 2010) :
Field Trial Treatment
All cows calving between May 1, 2007 and May 31, 2008 received one dose of either eprinomectin (Eprinex ® , 65ml = 325mg) or mineral oil (65ml, acting as placebo) applied along the backline from the withers to the tail head, near the time of parturition (2 weeks preto 3 days post-parturition). The amount of eprinomectin administered was based on the manufacturer's recommended dose for an average dairy cow weighing 650kg, which was considered safe and efficacious for the study population (Shoop et al., 1996) . Each bottle was numbered and the treatment allocation was randomized using systematic randomization to assign odd or even bottle numbers to a treatment group. Producers administered the treatments sequentially, unaware of the contents within the bottle, and recorded the bottle number, cow identification, and calving date. This information was later merged with the production records and respective ELISA results. Producers were asked, when possible, to keep treated cows apart for as long as they could after treatment (ideally more than 24 hours);
there is evidence that macrocyclic lactones (such as ivermectin, doramectin, moxidectin, and eprinomectin) can be transferred mechanically from cow-to-cow via grooming and licking (Laffont et al., 2001; Barber and Alvinerie, 2003) . Specifically, Barber and Alvinerie (2003) described mechanical transfer in all treatment groups in their study, including eprinomectin treated cattle. It is worth noting that Alvinerie et al. (1999) found systemic absorption, as measured by the half-life of absorption (t ½ ka) for eprinomectin to be twice as fast than what is documented in literature for ivermectin and doramectin. Although mechanical transfer is possible for eprinomectin, it is likely to be less than what would be expected for other macrocyclic lactones because of the faster absorption, however, there are no published studies describing this specific difference.
Only the primary investigators involved had knowledge of the randomization protocol.
Field Trial Questionnaire
All participating dairy producers completed a 'parasite' questionnaire about anti-parasitic treatments (before and during the study), pasturing techniques, housing of milking cows, dry cows and heifers, and the length of time treated cows were kept apart after treatment (see Appendix A). This questionnaire was part of a larger questionnaire (CBMRN questionnaire) for all herds within the NCDF. One question included in the parasite questionnaire was used as a validation tool for the CBMRN questionnaire, as described by Dufour et al. (2010) ; the questions in each questionnaire were posed, on average, 262 days (SD 75) apart. These validation results from the CBMRN questionnaire also reflect the validity of the parasite questionnaire.
Heifers and cows in the field trial were categorized according to their treatment status, and their completeness of information for ELISA results. A flow chart was created to summarize their status within the field trial and subsequently for the analysis (Fig. 1 ).
Including Other Studies for the Individual Patient Data Meta-Analysis
Traditionally, the term meta-analysis is used to describe methods to synthesize aggregated study-level data. However, meta-analysis of individual patient data, using individual-level data, is gaining popularity in human studies and offers statistical advantages over metaanalyses of study-level aggregate data (Riley et al., 2010 ) -these meta-analyses of individual-level data are commonly referred to as individual patient (or participant) data meta-analysis (IPDMA). For our objective, combining data from other studies with similar study designs was going to increase statistical power and better predict the amount of milk loss (kg/cow/day) from an ELISA result taken from an individual cow. The IPDMA inclusion criteria, for additional field trials, were that individual cows received a treatment (anthelmintic or placebo), milk samples were collected from individual cows to determine ODR values, and milk production records were kept for individual cows. From Table 1 , only two studies fit these criteria (Sanchez et al., 2002b; Sanchez et al., 2005) , both of which were conducted in Canada and had available datasets.
Statistical Analyses
Unless otherwise stated, all statistical analyses, including summary and descriptive statistics, were performed in Stata 11 (2009).
Multivariable Mixed Analysis
Repeated Measures and Random Effects
Statistical models, for the field trial, included only those cows for which all information was collected (Groups F and I in Fig. 1 ), which included a late-lactation milk sample with an ELISA result, a properly recorded treatment event at calving (placebo or anthelmintic), and at least one milk production record for the new lactation period.
A multilevel mixed-effects linear regression, with test day milk yield (kg/cow/day) as the dependent variable, was fit using maximum likelihood estimation (Stata 11, xtmixed) , with first order auto-regressive (AR1) structured residual errors between repeated milk measurements; the same residual error structure for the field trial was applied to the IPDMA model and was the best choice in both studies by Sanchez et al. (2002b; 2005) . There were two random effect variables (herd and cow), and a residual structure between DHI test dates, creating a 3-level hierarchy to the analysis -herds, cows, and test dates (repeated cow milk yields within lactations).
Fixed Effects
The variable for time period and seasonal effects was divided into periods of 4 months , and ≥4 th lactations). Variables related to testing dates and affecting milk yields were milk somatic cell counts, and days-inmilk (DIM). SCCs were transformed to a natural logarithm scale (lnSCC) to linearize their effect (Dohoo et al., 2009 The fundamental differences between the field trial model and the IPDMA model were the number of seasonal categories that were allowed to span over different time periods (respective of their study periods) and the inclusion of one questionnaire variable that was related to the farm's previous use of anthelmintics (data were available for the field trial, but not for the IPDMA).
Fractional Polynomial and Treatment Effects
The treatment effect of eprinomectin was expected to depend on the level of parasitism in the cow, where low ODR values indicated low levels of parasitism (Ploeger et al., 1989; Kloosterman et al., 1993) . Therefore, the estimates from the interaction between ODR and treatment on milk production were used to determine how well the ODR predicted the response to treatment. The relationship between milk production and ODR is unlikely to be linear (Sanchez et al., 2005) , so fractional polynomials were applied to the continuous ODR values.
A 2-degree fractional polynomial (FP), using two terms, is likely the most parsimonious method to obtain a good fit to the data (Royston and Sauerbrei, 2008) . The FP analysis (fracpoly, Stata 11) generated two new centered terms, the first being the variable to the power of a calculated constant (one of the following: -3, -2, -1, -0.5, 0, 0.5, 1, 2, and 3, where 0 refers to a natural logarithm transformation) and the second being either a second power term from the same series or the product of the natural log of the variable and the variable raised to the same power. For example, ODR could be modeled by ODR p1 and ODR p2 ,
where if the power selected to produce the best-fit for both terms is -2, ODR p1 = ODR -2 , and ODR p2 = ODR -2 ln(ODR). Royston and Sauerbrei (2008) Best linear unbiased predictions (BLUPs) were calculated for both random effects (herds and cows) to verify the assumptions of heteroscedasticity. The standardized residuals from the repeated measures were plotted against the predicted outcome. Normality and heteroscedasticity of residuals, at all levels of the model, were evaluated. (Dohoo et al., 2009) Reporting of the field trial followed the REFLECT statement (Reporting Guidelines For Randomized Control Trials) (O'Connor et al., 2010) as closely as possible.
Results
Herd and Animal Selection for the Field Trial
There were 98 herds in the NCDF and of those 40 herds met the selection criteria and agreed to participate in the field trial. Two herds failed to record cow treatments and were removed, leaving a total of 38 herds across Canada. Specifically, herds came from the provinces of Alberta (5), Ontario (6), Québec (11), New Brunswick (5), Nova Scotia (4), and Prince
Edward Island (7). Figure 1 shows the final allocation of cows and heifers into their groups based on treatment and data completeness. There were on average 35 cows (range 6 to 80) from each herd that contributed to the field trial.
Sampling and Milk Collection for the Field Trial
Overall, there was an average of 9.0 DHI milk tests per cow (median=9, SD=2.6, range=1-17 Fig. 1 ) was 0.307.
Field Trial Treatment
A total of 2,117 treatments (either placebo or anthelmintic) were dispensed, with 2,058 doses applied during the correct time interval (2 weeks pre-to 3 days post-parturition). The placebo group ( There were no reported adverse reactions to any of the treatments.
Field Trial Questionnaire
Between During the field trial, 21 herds could not keep their cows apart after treatment, while only 4
herds were able to keep them apart for more than 24 hours (recommended); the remaining 12 herds varied between one and 24 hours.
Combined dataset for the Individual Patient Data Meta-Analysis
After appending the data from the two similar Canadian studies (Sanchez et al., 2002b; Sanchez et al., 2005) to the field trial dataset, there were 87 herds, 2,018 cows with 12,524 milk samples. Table 2 summarizes the data contributions from Sanchez et al. (2002b) and Sanchez et al. (2005) for the IPDMA.
Multivariable Mixed Analysis
Repeated Measures
The AR1 correlation structure, and its correlation values over time, was similar to the unstructured matrix and had been the preferred residual structure in both studies by Sanchez et al. (2002b; 2005) . Therefore, AR1 was the chosen residual structure for the remaining models for both the field trial and the IPDMA. For the models to converge, the number of repeated milk yields per cow lactation was truncated to 10 values over time, which was deemed biologically adequate to assess the treatment effect.
Random Effects in the Models
There were two random variables included in the final field trial model (Table 3 ) and the final IPDMA model (Table 4) 
Fixed Effects
All of the fixed effects selected for their biological merits to explain milk yields, were statistically significant at p=0.05 (or nearly so) in the models for the field trial and the IPDMA; their estimates are shown in Tables 3 and 4 , respectively. derived from the differences in milk yields between placebo and treated cows. For the field trial (Fig. 3A) , the estimated treatment effects were positive when ODR values were above 0.12, however, the lower bound of the 95% CI never went above zero. The maximum estimated treatment effect occurred when ODR was equal to 0.46, where it was estimated to increase milk production by 0.73 kg/cow/day. There was a negative effect of treatment when ODR values were below 0.12, though the confidence interval was relatively large for these values. The confidence interval range also rose quickly as ODR values increased above 0.6.
Fractional Polynomial and Treatment Effects
The decline in the difference between treatment and placebo for ODR values above 0.6 is due to the apparent decline in production in treated cows above this ODR level. There are relatively few observations with ODR values greater than 0.6 in the treated cows (593 out of 4096 observations from treated cows = 14.48%). The graph for the IPDMA (Fig. 3B ) was similar to the field trial graph, with a few differences, mainly that the treatment effects were positive when ODR values were above 0.18, the maximum estimated treatment effect was 0.67 kg milk/cow/day when the ODR value is 0.57, and the lower bound of the confidence interval is greater than zero when the ODR values are between 0.43 and 0.53.
Model Diagnostics
There was no visual indication of any model assumption violations for both the field trial and IPDMA models, and no transformations of the outcomes were deemed necessary.
Discussion
Based on the sampling design used to select the NCDF producers, herds available to this field trial study represented the current distribution of commercial dairy farms in Canada. Herd selection was founded on milk production, bulk tank somatic cell counts, and housing type.
CBMRN recorded that 34% of the NCDF farms were housed in 'freestall', which was comparable to estimated national (region-weighted) averages of 36% (Reyher et al., 2011) .
It is possible that housing types of study herds do not accurately reflect farm pasturing protocols, however, it is likely these farms represented the average pasture exposure of dairy cattle across Canada. Only those farms which allowed cattle to have access to pasture or paddock at some time during their production cycle were included in this study, thus representing a subset population of the typical Canadian dairy farms.
The pasturing method inclusion criteria were deemed important to ensure a certain level of exposure of infective nematode larvae to increase the statistical power of the study. Variables describing the producer's pasturing techniques were derived from the parasite questionnaire.
Treatment effects were expected to vary according to the pasturing techniques, though no significant or interesting relationships were observed during the analysis.
The average ODR value in this study was lower than anticipated (0.26, SD 0.24), despite the inclusion criteria, when it was compared to other reported studies from similar regions. Sithole et al. (2005a) reported an average herd bulk tank ODR of 0.41 (SD 0.13) for 65 herds with limited outdoor exposure during a one year period, however, bulk tank ODR values are usually higher than averaged individual ODRs (Charlier et al., 2010 et al. (2005) , as presented in Table 2 , but different from Sanchez et al. (2002b) . It is worth noting that Sanchez et al. (2002b) and Sanchez et al. (2005) used in-house ELISA kits with different controls than those used by Svanova, which would influence their ODR values, and could also account for different ODR values between studies. It is also possible that over time (since 1999) more producers were using anthelmintics on their farm prior to the subsequent field trials which could reduce the overall worm burden on the farms.
The AR1 residual structure was assumed to be present for up to and including ten test dates;
all the information for an expected lactation period (10 months) could be computed for both the field trial and the IPDMA models. In the field trial model, as test dates got further apart, the milk yield correlations between the test dates decreased, however, after the 6 th test, there were very little differences and the correlations stayed very close to the constant 0.43; this relatively elevated constant correlation indicates a moderate amount of clustering within a cow, no matter when the milk was taken. Similarly, in the IPDMA, the milk yield correlations changed very little after the 6 th test and remained near the constant 0.49.
The interaction in the field trial, explaining the treatment effect, was not statistically significant (p=0.138), and there were three potential contributing factors.
(1) Many of the herds with 'access' to pasture had limited access, such as a paddock, or only allowed a group of animals (e.g. dry cows or heifers) to graze. This limited access to pasture would have reduced the exposure of cows to the parasite's infective stage, reflected in low ODR values.
(2) Three quarters of the herds had been using an anthelmintic on the farm within one year of the study. Therefore anthelmintic treatment before the study (and throughout the study), may have reduced the overall parasite exposure on the farm. It is therefore more difficult to investigate the interaction if there were few larger ODR values (Bailar and Mosteller, 1988) .
(3) Although the producers were asked to keep their cows apart for at least 24 hours after treatment, only four farms managed to do so. It is difficult to estimate the importance of mechanical transfer of eprinomectin treated cattle between animals. However, some amount of mechanical transfer is plausible. Each of those three factors could have individually biased the interaction term towards the null hypothesis. Furthermore, interaction terms require additional statistical power to be detected when compared to the ability to detect main effects (Greenland, 1993) .
There are important differences between the three studies which could influence the interpretation from the IPDMA. While the ODRs were all determined in a similar fashion, the time intervals to include ODR values during the previous late lactation period for cows did vary between studies. Sanchez et al. (2002b) averaged the ODRs within 90 days of calving; if ODRs were not available before 90 days, then the ODRs from the last 120 days were accepted. Sanchez et al. (2005) were less strict and included all ODRs within 150 days from calving (approximately the last 3 months in lactation). Only the latest ODR value was included in the field trial study, and milk samples were collected after 200 DIM from the previous lactation; the median day between the test date and the calving date for the latest ODR values was 88 days (IQR 68 to 133). The studies also had different control samples, where both Sanchez et al. (2002b) and Sanchez et al. (2005) used in-house sample controls, while the field trial used Svanova's sample controls. Since ODRs depend on the controls, it is possible that different controls could influence ODR values.
Fractional polynomials can be used to model a wide range of shapes of relationships with only a few (often two) variables, therefore, offer good fit to the data while being parsimonious. In general, FPs are more flexible than conventional polynomials, and remain somewhat resistant to local-influences, making them suitable for predictions. They are, however, more sensitive to extreme values at either end of the distribution, and they are reported to have a reduced power to detect non-linear functions (Royston and Sauerbrei, 2008 ). Therefore, caution should be used when interpreting estimates from either end of a FP distribution and where there are fewer observations in the data.
The statistical significance of the interaction is derived from the differences in the FP slopes for the placebo and the treated cows, or from the non-zero slope of the treatment effect, as seen in Fig. 3B . The significant interaction comes from the curvature in the slope between ODR values of 0.07 and 0.48, as seen by the 95% CI in Fig.3B . Between the ODR values of 0.07 and 0.17, the model predicts a negative effect from treatment, as low as 0.67kg/cow/day.
This negative treatment effect for low ODR values, although difficult to biologically explain, was observed by Sanchez et al. (2005) with a quadratic term in the model -this being the only other study with continuous ODR values (Table 1) to have assumed a non-linear relationship between ODR and milk production. It is possible that there is a real negative milk production effect for low ODR values which was not detected in other studies because of their chosen methods to model the relationship between ODR values and milk production.
It is also possible that this estimated effect is exaggerated by the FP's sensitivity to extreme ODR values at either ends of the treatment effect curve, and due to a relatively small number of observations; for example, fewer than 14% of the observations in the IPDMA had ODR values below 0.05.
The estimated treatment effect for the field trial peaked at 0.73 kg milk/cow/day when the latest ODR value was 0.46, and for the IPDMA it peaked at 0.67 kg milk/cow/day when the latest ODR value was 0.57; this positive treatment effect continuously declined after the ODR value of 0.46 in the field trial and 0.57 in the IPDMA, though it always remained positive. There were few data points for the estimation of the milk production (kg milk/cow/day) when ODR values were greater than 0.6 (<15% of those modeled values for both models), as such the reader should not necessarily trust the downward trend in milk production for higher ODR values. Ploeger et al. (1989) had an estimated treatment effect at the upper antibody level range of approximately 1.5 kg milk/cow/day (estimated from both the graph and regression coefficients, converted from standardized 305 day production).
parameters and the interaction) estimated the treatment effect to be > 3.58 kg milk/cow/day when ODR was greater than 1.
When comparing these results (field trial and IPDMA) with those from the two studies included in the IPDMA, the FP terms for the ODR plotted against milk production for both the field trial and the IPDMA (Fig. 3 A and B ) appeared very similar to the quadratic terms Sanchez et al. (2005) found when looking at individual cow ODR values from confined or semi-confined Canadian dairy herds; they found a greater treatment effect at the upper ODR range. Sanchez et al. (2002b) The graph in Fig. 3B can be used as a guide to interpret Svanovir® ELISA results, from individual dairy cow milk samples, to estimate the amount of milk loss (kg/cow/day) that is associated with the level of parasitism. Based on this graph (Fig. 3B ), on average, anthelmintic treatment will probably improve a cow's milk production if the individual cow ODR value is approximately 0.2 or greater, and treating a cow with an ODR value greater than 0.4 will very likely improve its milk production. Economic considerations will dictate if veterinarians and producers should test and treat individual cows, based on the costs of the test and treatment, and the estimated amount of milk loss from the graph (Fig. 3B) . Future studies to develop guidelines for the use of bulk tank milk samples and herd-level treatment protocols will improve the feasibility of this ELISA as a routine diagnostic tool. However,
given that an IPDMA, combining three studies, was necessary to detect a significant interaction effect for individual cows, sufficient sample sizes for statistical power at the herdlevel will likely be a limiting factor for these herd-level studies.
Conclusion
The ability to predict the effect of anthelmintic treatment on milk production depends on the level of parasitism quantified by an ELISA measuring milk antibodies against Ostertagia ostertagi. The interaction in the field trial showed a trend (p=0.138) towards a beneficial treatment effect when the individual ODR values, using Svanovir® and measured in late lactation, were greater than 0.12. When individual cow data from two other similar studies were included in an IPDMA, the interaction terms became statistically significant (p=0.009)
indicating that there is a beneficial treatment effect when ODR values are slightly elevated.
The three studies in the IPDMA were performed in Canada, and the methods of quantifying the ODR values were different between the studies. Therefore some caution should be used when interpreting and using these estimated values, however, the shape and magnitude of the treatment effects, as well as the other model estimates, were very similar between the field trial and the IPDMA suggesting that any bias would likely be minimal. were provided by an in-kind contribution from Svanova Biotech AB.
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